Atmospheric aerosols are the precondition for the formation of cloud droplets and have thus large influence on the microphysical and radiative properties of clouds. In this work four different methods to derive potential cloud condensation nuclei (CCN) number concentrations were analyzed and compared: A model parameterization based on simulated particle concentrations, the same parameterization based on gravimetrical particle measurements, direct CCN measurements with a CCN counter at a certain observation site and lidar derived CCN profiles. In order to allow for sensitivity studies of the 5 anthropogenic impact, a scenario for the maximum CCN concentration under peak aerosol conditions (1985) was estimated as well. In general, the simulations are in good agreement with the observation. At ground level, an average value of around 1*10 9 CCN/m 3 at a supersaturation of 0.2 % was found with all methods. The discrimination of the chemical species revealed an almost equal contribution of ammonium sulfate and ammonium nitrate to the total number of potential CCN. This was not the case for the peak aerosol scenario, where almost no nitrate particles were formed. The potential activation at five different 10 supersaturation values has been compared to the measurements. The discrepancies were lowest for the lowest and highest supersaturations, since chemical composition and the size distribution of the particles are less important in this range. In the mid supersaturation regime, the model overestimated the potentially activated particle fraction by around 30 %. The analysis of the modern (2013) and the peak aerosol scenario (1985) resulted in a scaling factor, which was defined as the quotient of the average vertical profile of the peak aerosol and present day CCN concentration. This factor was found to be around 2 close to 15 the ground, increasing to around 3.5 between 2 and 5 km and approaching 1 (i.e., no difference between present day and peak aerosol conditions) with increasing height. By comparing the simulation with observed profiles, the vertical distribution of the potential CCN was found to be reasonable.
simulations. In the ICON-LES, which is the model used in HD(CP) 2 (Dipankar et al., 2015; Heinze et al., 2017) , there is no online aerosol transport scheme, which indicates the need of describing the aerosol and CCN offline, in order to be considered.
Model simulations covering most of Germany have been carried out for the time period of two intensive measurement campaigns during HD(CP) 2 : HOPE, which were performed in Jülich and Melpitz, Germany. These campaigns cover the time periods between April 3 to May 31 (Jülich) and September 1 -30, 2013 (Melpitz, see section 2.3).
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The model domain investigated in this study is displayed in Fig. 1 and covers the area between 6-15°E and 48.25-54°N. The horizontal resolution was set to 7 km and the temporal resolution for the model output was set to 1h. 32 layers up to a height of 8 km were considered in the analysis. Besides the standard meteorological model output from COSMO, MUSCAT provides the mass concentrations of several gas phase species and particulate compounds. 
Aerosol particle number estimation and CCN parametrization 10
Using the aerosol bulk scheme of COSMO-MUSCAT, the mass concentrations for the species considered are simulated. In order to compare the model results with in-situ particle measurements and to calculate number concentrations of potential CCN, particle number size distributions (PNSD) have to be estimated from those mass concentrations. For each species of the anthropogenic aerosol (ammonium sulfate (AS), ammonium nitrate (AN), sulfate (SU), organic (OC) and elemental carbon (EC)) and sea salt (SS), individual log-normal size distributions are assumed. The size distribution of the mineral dust (DU) 15 particles follows a sectional scheme (Heinold et al., 2011) . A log-normal size distribution is explicitly defined with the three parameters diameter or radius (d or r, respectively), standard deviation (σ) and total number concentration (N ). The total number concentration can be calculated from the particle mass assuming spherical particles of a certain size and density.
Then, an individual geometric mean diameter and standard deviation was assumed for each considered species. The choice of geometric mean diameter and standard deviation defines the size distribution. Within the HD(CP) 2 framework, literature values, aerosol mass spectrometer (AMS) measurements from the TROPOS site Melpitz (Poulain et al., 2011) , which is representative for central Europe (e.g., Spindler et al., 2012; Engler et al., 2007) and particle number size distribution measurements in the diameter range 10 nm to 10 µm were used to define the parameters for the log-normal distribution estimation. Adding up the log-normal size distributions of all considered species gives the total particle number size distributions. The calculations have been compared to observational data and showed a good agreement (Hande et al., 2016) . The geometric mean diameter, 5 standard deviation and density for characterizing the particle number size distributions of the individual aerosol species is listed in Tab. 1, mostly according to the values used in Hande et al. (2016) .
The number and mode information of the particles could now be used to calculate the number of activated particles under certain conditions. For this purpose, the individual particle number size distributions for each considered component of the aerosol were parameterized using the hygroscopicity parameter κ individually. The κ values used in this study can be found in 10 Tab. 1 as well. κ was defined first in Petters and Kreidenweis (2007) as a single parameter to describe the relationship between the particle dry diameter, its hygroscopicity, and the CCN activation. In several laboratory studies, κ has been determined experimentally. Highly hygroscopic particles can have a κ > 1, while for totally hydrophobic particles κ = 0. Petters and Kreidenweis (2007) reported κ for a number of different compounds, e.g., ammonium sulfate being about 0.6 in the supersaturation regime. Further studies investigated κ for other substances like sea salt (e.g., Niedermeier et al., 2008) , coated soot (e.g., Hen-15 ning et al., 2010) and secondary organic aerosol (e.g., Wex et al., 2009; Duplissy et al., 2011) or depending on the mixing state of the particles .
The calculation of the CCN number concentration in this study follows the parameterization of Abdul-Razzak and Ghan (2000) , which relates the particle number size distribution and composition to the number of activated particles as a function of supersaturation. To achieve the maximum supersaturation (as a function of vertical velocity), accounting for particle growth 20 before and after activation, the supersaturation balance is used. Abdul-Razzak et al. (1998) describe the parameterization for a single lognormal mode of aerosol particles (only one single species), whereas Abdul-Razzak and Ghan (2000) proposed an extended version for multiple soluble and insoluble material. Here, two (or more) particle modes compete for the available water. The same method was utilized in a previous study for parameterizing the CCN concentrations as a function of vertical velocity (Hande et al., 2016) . The model is assumed to produce realistic supersaturation fields and thus also realistic CCN 25 numbers for stratiform clouds. For convective clouds, this is different, since the sub-grid supersaturation can be much higher than the grid cell average (e.g., Hill et al., 2015) .
In order to evaluate the estimations, the number concentrations of the CCN were compared to measurements close to the ground for the TROPOS super-site Melpitz. For this purpose, the same supersaturations as applied in the CCN number concentration measurements with the cloud condensation nucleus counter (CCNC, Henning et al. (2014) ) were applied to the 30 simulated particle number size distributions (see section 2.3.1).
Estimation of peak aerosol in 1985
In order to allow for sensitivity studies of the anthropogenic impact, a peak aerosol scenario for 1985 was developed. Due to the maximum emissions of aerosols and precursor gases in Europe during the 1980s, the year 1985 was taken as a reference Table 1 . Physical and chemical aerosol properties used in this study. The values for the particle radius and standard deviation of the size distribution follow Poulain et al. (2011) and Spindler et al. (2012) (non-dust species) and Heinold et al. (2011) (mineral dust) . Several laboratory and model studies served as basis for the κ values used in this study (Ghan et al., 2001; Petters and Kreidenweis, 2007; Wex et al., 2009; Duplissy et al., 2011) . year to compare to modern conditions. The annual emissions of sulfur dioxide and ammonia during the years 1985 and 2013 (see Tab. 2) served as basis for these estimations (UBA, 2017) . In the beginning 1990s, environment protection became much more important, so efficient emission reduction strategies were developed. Furthermore, many aerosol and precursor sources simply disappeared after the liquidation of several industrie sites in Eastern Europe after the political change in 1990.
Species
The assumptions made in order to estimate the aerosol concentrations in 1985 based on the present day simulation are sum-5 marized in Tab. 3. Particulate ammonium sulfate can be formed in the atmosphere from emitted sulfur dioxide and ammonia.
In case there is still ammonia left after this reaction, ammonium nitrate can be formed as well. As can be seen from Tab. 1, almost 20 times more SO 2 was emitted during the 1980s compared to 2013. For this reason, there was much more sulfate available in the atmosphere than necessary for the transformation of the total available ammonia to ammonium sulfate. This is why in this study the production of ammonium nitrate was set to zero and half of the additional sulfur was transformed to sulfuric acid for the 1985 scenario. This approach is encouraged by the serious "acid rain" problem in the 1980s (e.g., Seinfeld
and Pandis, 1998, p. 1030ff). Since no emission data for elemental carbon in 1985 were available, the particle concentrations 5 were assumed to be twice as high as in 2013. Organic carbon, sea salt and dust are supposed to result from natural sources and thus set to the values from 2013 in 1985 as well.
The calculations for 1985 were carried out offline with the model run from 2013 as a basis, since there was no detailed emission data for 1985 available. This implies, that the meteorological conditions of the year 1985 were not taken into account.
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The results have to be interpreted carefully and only as a rough estimate for the 1980s, not for spring and fall 1985 in particular.
The results of the comparison of the number concentrations in 2013 and 1985, which represents the peak aerosol over Europe, are presented in section 3.
Measurements during HOPE
The present study utilizes observational data from the extensive measurements conducted during both HOPE campaigns at the Detailed information on the meteorological conditions during the two campaigns can be found in Macke et al. (2017) , Tab.
3 and 4.The weather situations during HOPE-Jülich changed from a few high-pressure systems with high-level cirrus clouds, interrupted by several frontal passages (warm and cold fronts) at the beginning of the campaign, and followed by more shallow 15 convective clouds later on. HOPE-Melpitz was dominated by low-level overcast clouds.
In-situ CCNC measurements -ground-based and airborne
Ground-based in-situ measurements with the CCNC are operational in Melpitz since August 2012 (Schmale et al., 2017) and
the results were available for model evaluations within this study. The ambient CCN number concentration at Melpitz station was determined by means of size segregated activation measurements as described in detail in Henning et al. (2014) , following 20 the ACTRIS SOP (standard operating procedures, Gysel and Stratmann, 2013) . Briefly, the set-up is as follows, downstream of the aerosol inlet and the drier unit, an aerosol flow of 1.5 Lmin −1 is size-selected with a DMPS system (Differential Mobility Particle Sizing system) and afterwards divided between a particle counter (1 Lmin −1 working flow, CPC 3010, TSI Aachen Germany) and a cloud condensation nucleus counter (0.5 Lmin −1 working flow, CCNC, CCN-100, Boulder, USA). With the CCNC, a stream-wise thermal gradient cloud condensation nucleus counter (Roberts and Nenes, 2005) , the supersaturation-25 dependent activation of the particles is investigated at 0.1, 0.2, 0.3, 0.5, 0.7 and 1 % supersaturation. The ratio between the CCN number and the total particle number as counted by the CPC (condensation nuclei, CN) gives the activated fraction (AF) of the particles. This AF is calculated for each particle diameter and results in a size dependent activation curve for each supersaturation. This curve is fitted with a sigmoidal function describing the activation curve with the four parameters -lower activation limit, upper limit, sigma (σ) and the critical diameter (D c ). Multiplying the activation curve (CCN/CN) 30 with the ambient size distribution integral results in the ambient CCN number concentration at the given supersaturation. One measurement per supersaturation is available every two hours.
During HOPE-Melpitz also the helicopter-borne measurement platform ACTOS was deployed (Siebert et al., 2006) The filter type is MK 360 quartz fibre filter (Munktell, Grycksbo, Sweden). The measurement techniques in order to determine the particle mass, water soluble ions and carbonaceous particles are described by Spindler et al. (2013 Spindler et al. ( , 2012 . The particle mass determination was performed gravimetrically. The conditioned filters (72 hours at 20°C and 50 % relative humidity) were weighted with a microbalance as tare (blank) and after sampling of particles as gross
were analyzed by ion chromatography. The determination of organic and elemental carbon (OC and EC) was performed by a two-step thermographic method using a carbon analyzer (behr Labor-Technik, Germany). OC was vaporized at 650°C for 8 minutes under nitrogen atmosphere and catalytically converted to CO 2 and the remaining EC was combusted further in 8 minutes with O 2 at 650°C. The formed CO 2 was than quantitatively determined by a non-dispersive infrared detector (modified VDI method 2465 part 2). Hourly averaged profiles of the particle backscatter and extinction coefficient as well as the particle depolarization ratio were 20 calculated automatically for the whole measurement period as described in Baars et al. (2016) . As the particle depolarization ratio was close to zero (indicator for spherical particles) for the whole period, one can conclude that no dust intrusion was occurring during the intensive field campaign in Melpitz. Thus, the CCN concentration profiles were calculated following the continental aerosol branch in Mamouri and Ansmann (2016) .
For this approach, the lidar-derived particle backscatter profiles are converted to extinction profiles by using a lidar ratio of 25 50 sr as a typical value for continental sites (Baars et al., 2017) . The aerosol number concentration profiles for particles with a dry radius > 50 nm (n 50 ) are calculated using
with c 60,c =25.3 cm −3 and X c =0.94 (see Mamouri and Ansmann (2016) for details). Finally, the CCN concentration at supersaturations <0.2% is estimated by multiplying n 50 with an enhancement factor of f=1. The uncertainty of this estimation is at 30 a factor of 2-3 according to Mamouri and Ansmann (2016) . . Furthermore, the CCN parameterization has been applied to observed particle mass concentrations.
The modeled CCN number concentrations were compared to ground-based in-situ measurements by a CCNC, and to vertical profiles derived from lidar and helicopter-borne in-situ observations at Melpitz. Table 4 lists the total number concentration of CCN and the contribution of the individual compounds as average values for the simulated time period. Nowadays, the 10 contribution of ammonium nitrate and ammonium sulfate are almost balanced, but in the 1980s, ammonium nitrate played almost no role. The concentration of ammonium sulfate in the atmosphere was far higher than today (see also section 2.2.2), resulting in almost no ammonia being available for the formation of ammonium nitrate. Instead, much more sulfuric acid could form during this time period. Due to usage of these assumptions in the derivation of the 1985 aerosol mass concentrations, this effect can also be seen in the contributions to the CCN budget. Comparing the two different methods of estimating todays 15 CCN concentrations, differences can be seen especially for ammonium sulfate, organic carbon and mineral dust. The dust concentrations resulting from the gravimetrical methods are usually higher than simulated, because they result from the difference of the total gravimetric mass and the sum of the masses of the individual species and are not directly measured. This is why the error is quite large due to losses of the other species during the analytical processes. Furthermore, they may contain other undetected material than only mineral dust and also re-emitted soil dust, which is not included in the emission data used in 20 the model simulations. The difference in OC is probably due to the absence of secondary organic aerosol (SOA) in the model approach. SOA contributes a large fraction to the total concentration of organic aerosol (Jimenez et al., 2009 ) and also Melpitz is known to be a SOA dominated location (Poulain et al., 2011) . Figure 2 shows the time series of simulated CCN for the spring and fall periods in comparison with the CCNC measurements at a supersaturation of 0.2%. The same plot is shown for a supersaturation of 0.3% in the Supplemental Figure A1 . The upper panel shows the results from the model simulations while the lower one shows the results from parameterizing the gravimetrically determined particle mass concentrations. The good agreement between the CCN concentrations from the direct measurements and the estimations from chemical analytics shows, that the used CCN parametrization works reasonably well. This was caused by a small surface low, which was centered above the measurement station on doy 255 and then moved 10 eastward. The location of this surface low was not correctly simulated in the model and the corresponding precipitation and thus wet deposition of aerosol particles was missing, resulting in an overestimation of particles. Furthermore, the photochemical reduction of nitrate was reduced due to cloudiness. A ridge of high pressure was following during the night of doy 257 to 258, which ended with a frontal passage and some precipitation, marking the end of this episode with clear overestimation of nitrate particles. Anyhow, since nitrate is problematic both to simulate (especially in spring) and to measure (especially in fall), the 15 results compare satisfactorily well with the direct observation of the CCN number concentrations.
Comparison to in-situ CCN measurements
For a more evident comparison of the absolute number concentrations, Fig. 3 displays the simulated and measured CCN numbers at a supersaturation of 0.2% as a scatter plot for both episodes. As already seen in the time series plots in Fig. 2, the model underestimates the CCN numbers compared to both, the in-situ CCN measurements and the CCN numbers derived 20 from the gravimetric measurements in the spring episode. In contrast, the CCN number concentration estimated from the gravimetrical measured particle mass was higher than the direct CCN measurement. For the fall episode, a better agreement between model and observation was found, except for a few outliers during two days. As mentioned above, this is probably caused by the underestimation of precipitation associated with a small low pressure system in the simulation.
In Fig. 4 the ratio of the potential CCN and the total aerosol particles (CN) larger than a certain size is shown as comparison 25 between simulation and observation. The upper panels display the fractions for a supersaturation of 0.2% and particles larger than 110 nm for both episodes, the lower panels for a supersaturation of 0.3% and particles larger than 80 nm, respectively.
A ratio of exactly one means, that as many particles would activate at the respective supersaturation as aerosol particles with a diameter larger than the threshold diameter of 110nm (N_CN 110nm ) and 80nm (N_CN 80nm ), respectively, are present in the atmosphere at this time. For the rural observation site Melpitz, this ratio is usually close to one for 0.2% and 110 nm and and 1.26 (model), respectively). This can be the result of the model either overestimating potential CCN or underestimating aerosol particle number in the size range larger than 80nm in diameter. A too large number of CCN could result from too many large particles, which activate at lower supersaturations than in the real atmosphere, or overestimated particle hygroscopicity.
Since κ is well documented in the literature, it is a less likely source of uncertainty. The detailed analysis in in Figs. 2 and A1 show that the CCN number concentration is in similar agreement with the observations for both supersaturations considered.
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However, as can be seen, uncertainties of the aerosol composition can lead to up to a factor of 2 difference between CCN derived from modeled and observed aerosol masses. On average, the model underestimates the CCN number by around 13% (cf. Fig. 3 ). Due to the assumptions made to transfer modeled aerosol mass into number size distributions (see Tab. 1) the usually large number of particles in the Aitken or even nucleation range cannot be considered. As already shown by Hande et al. (2016) , with this approach the number concentration of CN particles larger than 110 nm compares well with the measurements. On average, the model underestimates these numbers by less than 10%. However, this is different for smaller particle size ranges, e.g., the total number of particles larger than 80 nm is underestimates by 35% (Hande et al., 2016) . Hence, the underestimated 5 modeled number concentration of aerosol particles in the size range between 80 and 110 nm in diameter is the main reason for the different behavior between the N_CCN 0.2% to N_CN 110 nm ratio and the N_CCN 0.3% to N_CN 80 nm ratio. Fig. 5 shows the average N_CCN-to-N_CN ratio for five different supersaturations between 0.1 and 0.7% for a cut-off diameter of 40 nm. It can be seen from this graph, that at a low supersaturation of 0.1%, only very few particles activate, whereas almost all particles activate at a high supersaturation of 0.7%. In the model, more of the available aerosol particles 10 activate at a respective supersaturation, which is most pronounced in the medium range of supersaturations.
Evaluation of the vertical structure of CCNs
In order to evaluate the vertical distribution of the CCN concentrations and investigate its change since the 1980s, the modeled vertical profiles are compared to measurements. Figure 6 shows a comparison of the CCN number concentration vertical profiles over the two months spring episode in 2013 over Melpitz as simulated with COSMO-MSUCAT and derived from lidar 15 (6 a) and ACTOS in-situ (6 b) observations. Displayed are the median values as well as the 0.25-and 0.75-quantiles. Close to the ground, the model compares quite well to the two observations. The average CCN number concentration is overestimated by less than 50%, which is in the range of the observation uncertainty of up to a factor of 2. At a height of around 1.3 km the observed and measured CCN concentrations start to decrease considerably, but clearly most strongly in the lidar observations.
In contrast to the model, the CCN number concentration derived from the lidar are on average negligible at heights above 4 km. Nevertheless, the variability of the observed CCN number concentrations is higher in the free troposphere. This is mainly an expression of considerably increased detection uncertainty. Overall, the modeled present day-CCN number concentration is in-line with the observations, whereas the estimated profile for the 1980s is far outside today's observational range (cf. Figs. 6 and ??). This clearly shows the influence of anthropogenic air pollution on the CCN number.
Present day and historic vertical CCN profiles 5
For each of the two evaluation periods, a temporally and spatially averaged vertical profile of the CCN concentration was calculated for the year 2013 and 1985 emission scenario, which is displayed together with the 0.05, 0.25, 0.75 and 0.95 quantiles in Fig. 7 a -d . For the calculation, a vertical velocity of 1 ms −1 was assumed. The shape and values of the profiles show no major differences for the spring and fall episode. Close to the ground, where aerosol particles are emitted, the number concentrations of potential CCN are higher than in the free troposphere. With increasing height, the number of aerosol particles and thus 10 also that of potential CCN is decreasing. This is the case for both the 2013 and 1985 scenario. In 2013, the concentrations are almost constant up to a height of 1 km (around 1.0*10 9 m −3 ) due to the well mixed boundary layer and decrease above ( Fig.   7 a, d) . This is less pronounced in the year 1985 simulations (Fig. 7 c, d) , in which the concentrations close to the ground are much higher (around 3*10 9 m −3 ) and decrease almost immediately with height. At the top of the uppermost simulated layer (8 km), similar concentrations of 5*10 7 to 1*10 8 m −3 were found for both, the present day and peak aerosol scenario. Due to different aerosol composition and, hence, aerosol hygroscopicity between 1985 and 2013, the shape of the CCN profiles in 5 the two scenarios differs. Based on the CCN profiles, a scaling factor for the CCN concentration was calculated, which varies with height ( Fig. 7 c, f) . This scaling factor describes the mean temporal trend of the CCN number concentration between past peak aerosol in the 1980s and present day conditions in Europe and can easily be used for sensitivity studies. The difference in the height dependency of the number concentrations between the 2013 and 1985 simulations is the reason for the bend in the scaling factor at around 1 km height ( Fig. 7 e, f) , because at this height, also the concentrations in the 2013 simulations 10 start to decrease. Close to the ground, a factor of around two was found. The efficacy of pollution reduction policies and the breakdown of industrial production in Eastern Europe since the 1980s becomes evident, in relative terms, most pronounced in the height between 2 and 5 km, where a scaling factor of up to a factor of 3.5 was found. In the upper troposphere, the scaling factor decreases to around one, which means there is no difference between the 1980s and present day concentrations. The quality of the modeled CCN number concentrations is defined by both, the quality of the aerosol particle simulation and the CCN parametrization. From the good agreement between CCN derived from gravimetrical measurements and CCNC measurements, it can be concluded that the cloud droplet activation and growth parameterization gives reasonable results.
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Discrepancies of the offline CCN calculation from the model simulations can then be concluded resulting mostly from uncertainties in the modeled aerosol mass and composition as well as the assumptions for the transfer from particle mass into number size distribution. The comparison of the ratio of the CCN number concentration and the total particle number of particles larger than 110 nm in diameter shows a good agreement between model and observation for 0.2 % supersaturation. However, for supersaturations between 0.2 % and 0.7 % and smaller threshold sizes to define CN (e.g., particles larger than 40 nm), the 20 model overestimates the activated particle fraction. Since the assumed size distributions focus on the correct prediction of accumulation mode particles, which are the most relevant for deriving CCN number concentrations, the number of particles smaller than ∼100 nm is very likely underrepresented.
The vertical structure of the simulated CCN number concentration was also shown to agree reasonably well with groundbased remote sensing and airborne in-situ measurements, even though the variability could not be reproduced by the model.
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Close to the ground, model and observation agree well, but the measurement based profiles show a much larger range, which is probably due to both, a high variability in the real atmosphere during the two months of the experiment and measurement uncertainties (factor 2-3). In conclusion, the simulated profiles of the present-day simulation are within the variability range of the measurement-based profiles and thus represent realistic conditions. The 1985 simulation, however, has much larger CCN number concentration far outside the variability range of the present-day observations, as expected. A vertical-resolved scaling 30 factor between the 2013 and 1985 results was computed, which is well suited for application in model sensitivity studies.
The scaling factor for estimating peak aerosol concentrations during the 1980s from current simulations is not vertically homogeneous. Close to the ground, a factor of 2 was determined, increasing to 3.5 between 2 and 5 km height. Here the effect of strict emission reduction policies and reduction in industrial production in Eastern Europe especially in the 1990s becomes Bangert, M., Kottmeier, C., Vogel, B., and Vogel, H.: Regional scale effects of the aerosol cloud interaction simulated with an online coupled comprehensive chemistry model, Atmospheric Chemistry and Physics, 11, 4411-4423, doi:10.5194/acp-11-4411-2011, 2011 . Duplissy, J., DeCarlo, P., Dommen, J., Alfarra, M., Metzger, A., Barmpadimos, I., Prevot, A., Weingartner, E., Tritscher, T., Gysel, M., Aiken, A., Jimenez, J., Canagaratna, M., Worsnop, D., Collins, D., Tomlinson, J., and Baltensperger, U.: Relating hygroscopicity and composition of organic aerosol particulate matter, Atmospheric Chemistry and Physics, 11, 1155 Physics, 11, -1165 Physics, 11, , 2011 .
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